Utah State University

DigitalCommons@USU
All Graduate Theses and Dissertations

Graduate Studies

5-1977

The IMGRID Computer System for Land Use Studies: Testing and
Documentation for Utah State University
Walter Donald Bremer
Utah State University

Follow this and additional works at: https://digitalcommons.usu.edu/etd
Part of the Landscape Architecture Commons

Recommended Citation
Bremer, Walter Donald, "The IMGRID Computer System for Land Use Studies: Testing and Documentation
for Utah State University" (1977). All Graduate Theses and Dissertations. 3287.
https://digitalcommons.usu.edu/etd/3287

This Thesis is brought to you for free and open access by
the Graduate Studies at DigitalCommons@USU. It has
been accepted for inclusion in All Graduate Theses and
Dissertations by an authorized administrator of
DigitalCommons@USU. For more information, please
contact digitalcommons@usu.edu.

THE IMGRID COMPUTER SYSTEM FOR LAND USE STUDIES:
TESTING AND DOCUMENTATION FOR
UTAH STATE UNIVERSITY
by

Walter Donald Bremer

A thesis submitted in partial fulfillment
of the requirements for the degree
of
MASTER IN LANDSCAPE ARCHITECTURE
in
Landscape Architecture and Environmental Planning

UTAH STATE UNIVERSITY
Logan, Utah

1977

'

\,'"

ii

ACKNOWLEDGMENTS
I wish to especially thank Larry Wegkamp for his
patience, understanding, and help throughout the writing
of this thesis.

A thanks also goes to the rest of my

committee , Gerald Smith and Kevin Stowers, for their
helpful comments.
I would also like to express my appreciation to
Karl Fugal for his time and assistance in solving the
programming problems which were encountered.
A word of thanks goes out to the members of my
graduate class, Brenda, Ken, Richard, and Larry, for
their encouragement throughout the past three years.
I am especially indebted to my wife Judy, for her
devotion and perseverance throughout my thesis program.

Walter Donald Bremer

iii

TABLE OF CONTENTS
Page
ii

ACKNOWLEDGMENTS

v

LIST OF FIGURES

vi

ABSTRACT
Chapter
I.
II.
III.

INTRODUCTION
DESCRIPTION OF IMGRID
PREPARATION OF IMGRID TO ACCEPT A
DATA BASE
Compilation of IMGRID and FILECREATE
Irregular Outline Specification
Program Backup

IV.

DATA GATHERING AND CODING
Irregular Outline
Data Coding .
Study Data Base

V.

KEYWORD OPERATIONS
General Information for Card Formats
Data Entry, Management, and
System Control Keywords

l

3
10
10
12
12
14
14
17
19

21
21
25

STORE
UPDATE
RELOC
RENAME
LIST
MODEL
CONT
END

25
28
31
33
34
35
37
38

Display Keywords

39

SYMBOL .
MAP
TEXT-ENDT

39
41
45

iv

TABLE OF CONTENTS (Continued)
Page
Receding and Analysis Keywords
RECODE .
RECODE with CONT
OVERLAY
XRECODE
REJECT
MATRIX .
SEARCH .
ASEARCH
INDEX
MULTPLY
REDUCE
NORMAL •
User Specification

VII.

47
49
52
55
58
60
66
69
72
77
80
84

88
88

USERSUB
VI.

47

93

EXAMPLE ANALYSIS .
SUMMARY AND OBSERVATIONS

102
105

APPENDICES
Appendix A.

Control Card Sequence

106

Appendix B.

Glossary

10 8

Appendix C.

Selected Bibliography

111

v

LIST OF FIGURES
Figure

Page

1.

Rectangular coordinate grid overlay

2.

Computer diagram

5

3.

Data Element File

7

4.

System parameters

11

5.

Irregular outline description

16

6.

Mapped recede operation

18

7.

Data Element 002 -Ownership

44

B.

Map 060 - Suitability For Developmc:nt

51

9.

Map 061- Environmental Areas Sensitive
To Development

54

10.

Map 063 -Orientation/Slope For Housing

65

11.

Map 065 - Search From Dry Lake

68

12.

Map -53 - Additive Search Of Residential
Housing

71

Map 067 - Suitability For Residential
Housing

76

14.

Map 071 -Suitability for Housing Minus
Sensitive Areas

79

15.

Analysis diagram

94

16.

Map 072 - Search Of Paved Roads

96

17.

Map 067 - Suitability For Residential
Housing

98

18.

Map 071 - Suitability For Housing Minus
Sensitive Areas

99

19.

Map 053 -Suitability For Residential
Development

13.

101

vi

ABSTRACT
The IMGRID Computer System for Land Use Studies:
Testing and Documentation for
Utah State University
by

Walter Donald Bremer
Master in Landscape Architecture
Utah State University, 1977
Major Professor: Paul L. Wegkamp
Department: Landscape Architecture and Environmental
Planning
This paper is the result of the adaptation and
testing of the IMGRID Programming System acquired from
Harvard University, for land use studies in the Department
of Landscape Architecture and Environmental Planning at
Utah State University.

The system utilizes rectangular

coordinate grid cell data for storage and analysis, and
is now in operation on the Burroughs B 6700 computer system.
The operation of Utah State IMGRID is documented
here to reflect the types of analyses which are currently
performed in this region, and examples provided to
demonstrate the system to graduate students and others
who are interested in land use analysis.
Information is also included which will assist in
preparing the system to accept the modeling criteria and
information from different study sites for analysis.

vii

This paper is directed towards a user who has a
limited know•ledge of computer applications in land use
studies.
(118 Pages)

CHAPTER I
INTRODUCTION
Graduate students in the Landscape Architecture
programs at Utah State University explore a number of
regional analysis techniques.

Among the techniques studied,

is the computer analysis of land use suitabilities and the

,

impact these land uses may have on the environment.
computer mapping and analysis system called
has been used extensively for this purpose.

u.s.u.

A
GRID,

A more

advanced version of the GRID computer programming system,
called IMGRID, has been developed at Harvard University.
IMGRID has greater updating and manipulative capabilities
and does not require as much user input as GRID.

This new

computer system will now be used in conjunction with the
GRID system for studies in the graduate program.
In order for students to take full advantage of
the IMGRID Programming System, it first had to be tailored
to be accepted by the Burroughs B 6700 computer at Utah
State.

The segments of the IMGRID program had to then be

tested to ensure proper operation.

Minor changes were

needed to prepare the program to accept the type of land
use analysis performed in the graduate classes, with the
typical irregular study area boundary used in this region.

2
The documentation of IMGRID which is currently
available from Harvard University needed to be related to
an actual site in this area (Wellsville/Dry Lake, Skinner
and Hanson) .

The documentation also had to be tailored

and expanded for use by students.

This will allow a

better opportunity to grasp the basic structure and
potential of IMGRID, and relate it to a familiar site.
It is especially important for the graduate students
because they have a limited time in which to study computer analysis techniques.

For those who wish to study the

file and control portions of this system in greater detail,
a technical documentation will be available from Harvard
University .
This thesis will provide a comprehensive documentation for the IMGRID Programming System in terms of
its operation, and relate it to a typical and well known
site in this region for use in graduate land use studies.
Data from the Wellsville Study Site will be used to test
and demonstrate the system's operation through the graphic
display of maps and system diagnostics.

The documentation

will also include information needed to prepare IMGRID to
accept the modeling criteria and information from a study
site for analysis.
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CHAPTER II
DESCRIPTION OF IMGRID
As our society becomes more advanced, the issues
with which we deal, such as land use planning, continually
become more complex and interrelated.

The IMGRID

Programming System was developed at Harvard University to
assist in the analysis and decision making of land use
planners and designers.

The volume and completeness of

information, or data, utilized for various environmental
characteristics require a system for manipulation, analysis,
storage, and graphic display.

IMGRID will process this

information to make decisions concerning various land use
suitabilities, impacts, and other analyses.
IMGRID is composed of a series of interrelated
computer subroutines (subprograms) which allow flexibility
in dealing with a variety of study sites and types of
analyses.

These subroutines allow for various manipula-

tions, analyses, storage, and mapping of grid cell data.
A study area is made up of a large number of grid cells,
which are single units or squares on a rectangular
coordinate grid.

Because grid cell data is efficient

for retrieval and manipulation in a computer system, it is
the type used by IMGRID (See Figure 1) .

Figure 1.

Rectangular coordinate grid overlay

The IMGRID system was deve loped for users with
little experience in computer programming.

This is

accomplished through the use of simple keyword commands
such as STORE, MAP, UPDATE, and oth e rs which control th e
program operation.

The system will also accept user

written subroutines when specific data manipulations are
required which are not part of the regular IMGRID program.
These subroutines can be written by an experienced
programmer and used with IMGRID.
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The subroutines within IMGRID continually interreact with the Data Element File which stores both the
initial data e lements and those which are ·created through
various analyses.

Figure 2 is a simplified explanation of

how this works.

KEYWORD COMMAND

l

-,.......-..J...:.__ __,
Protected
Space

f-------

Memory
Locations:
Data
Element
File

Semi-

~
Temporary
Storage
(Buffers}

Protected

H

Central
Processing
Unit

Space

------Work

-

Space

/

Figure 2.

Computer diagram

A data element, such as "soil permeability," is
stored in the Data Element File as a series of number
values .

These values correspond to the data items or

attributes of the element .
Data Element - Soil Permeability
Data Items
- 0
slow
4
moderately slow '
moderate
5
6
moderately r apid

To begin an analysis, a keyword command will
initiate the portions of IMGRID nee de d to:
1.

Retrieve data element values and place them

2.

Manipulate or analyze the values (through the CPU)

3.

Place the results into workspace.

in temporary storage

After the resulting values are verified, they should be
placed into a memory location which is protected from
accidental loss.
The keyword commands p rovide for many types of
manipulations.

IMGRID has updating capabilities which

a llow data values to be changed with very little user
input.

This is especially important because a data base

should be dynamic and as new and better data is collected,
it will replace or change the existing base.

A single

data element can be used in many t ypes of ana lyses by
r ece ding and rescaling the data values.

Thes e types of

manipulations are also accomp lished with very little us er
input.

IMGRID can also combi ne data elements in various

ways through the use of overlays and matrices.
IMGRID is very versatile because the manipulative
and analytical capabilities are derived from ind ividual
program parts or subroutines.

This allows for a large

number of possible alternatives.

As an example, data

elements can be receded, overlayed, and compared for an
analysis.

These results can then be rescaled and mapped.

Another analysis might include a matrix development, an
overlay with other data elements, rescaling, and finally a
map of the results.
Much of the flexibility of IMGRID is derived from
the way in which the parts, or subroutines, can be combined
and recombined.

This flexibility requires that the data

elements be protected from changes which are unintentional.
Within IMGRID is a Data Security System which is designed
for this purpose.
The IMGRID Data Security System divides the Data
Element File into three areas.

ELEMENT # 01
# 02
# 03

i--------ELEMENT # 50
DATA
ELEMENT
FILE

# 51
# 52

I-------ELEMENT # 60
# 61
# 62

ELEMENT # 75

Figure 3.

J
J
J

Protected
Space
(Files)

Semi-Protected
Space
(Files)

Work
Space
(Files)

Data Element File
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The first area is designated Protected Space.

The'

protection refers to the ability to enter or write data
values into the data element file.

Any of the files can

be entered to have the values read for calculations, but
only the STORE, UPDATE, RELOC, and USERSUB keywords can
enter data values into the files designated - Protected.
In a sense, this space should be reserved for the "permanent" data elements such as soil information, water
information, climate, vegetation, and others.
The second area in the Data Element File is
labeled Semi-Protected Space.

This area is protected but

not to the same degree as the previous space.

Again, the

data values in this area can be read by keywords and not
have the original values altered.

The keywords which will

write values in Protected Space will also write into SemiProtected Space.

In addition, the REDUCE and NORMAL

keywords will also write directly into Semi-Protected
Space.

This space is an inte rmediate area to store

elements for additional analyses or before entering them
into Protected Space.
The third area in the Data Element File is the
Workspace.

All of the keywords which read or write can

enter these file locations.

This working area is provided

for the provisional elements in an analysis.

After the

analysis creates a data element it should be transferred
into a file which is protected in order to be saved.

An

element in the Workspace can be written over very easily
with different values.
The Workspace files handle the data elements needed
for an analysis .

After the new data element is created it

should be transferred to the Semi-Protected Space using
the RELOC keyword.

Careful consideration should be given

to data elements before they are transferred into a file
location in the Protected Space.

These files should be

reserved for only the "permanent" data elements and
intermediate elements stored in the Semi-Protected Space .
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CHAPTER III
PREPARATION OF IMGRID TO ACCEPT A DATA BASE
Compilation of IMGRID and FILECREATE
In order to use IMGRID, the program decks (source
decks} must be read into the computer system and compiled.
This operation also creates the "Skeleton Files" needed
for operation of the system.

After the program is

compiled and checked for errors, data is introduced which
will define the files, study data base, and map layout.
The map layout will be printed by the computer line printer
in a rectilinear format and accept study sites whose data
boundaries are rectilinear or irregular.
This information is specified in a small deck of
cards labeled FILECREATE DATA.

This deck contains data

needed for the parameters of each specific study site as
shown in Figure 4.
Some of the important parameters which may change
with every new study site are:
Study area titl e
Total number of cells in the study
Number of rows of cells
Number of columns of cells
The parameters which define the areas of Data
Security are also in this deck.

The first parameter

defines the total number of data elements in the study.

ll

PARAM~TER

LIST • STU~V A~EA TITLE
AN ArULYS!S OF Ttlf I•G~IO P~OG~AM"ING SYSTEM fOR
LA ND USE STUDIES, RY WALlE~ B•F.HER, 197o•l977
DEPA~TMfNT OF LA ND SCAP E AOCH ITECTU~E AND ENV IRONMENTAL PLANNING
UTAH STATE UN!VF.RS!TY, L ~G 4 N 1 UTAH

WELLS VI LLE C4 NYON / DRY LAKE STU DY
WELLSVILLE, UTAH
PA~4-ETER

PAR~

*

I
PAPM
2
PARM
3
PAR" 0
PAR"
PAQ,_,
PA ~ M o
PARH I
PAR" 0 q
PARM I 10

LIST • DATA RiSE SPECIFICATION
DISPLAY PRINT CHANNEL
MESSAGE POI NT CHA NN EL
NU•PER ~F PHYSIC AL ~ LOCKS ON THE FILE
VF.RSIO N 1Df.NTIFICAT!ON C~ECK
TOTAL NUMR fO Of CEL LS
NUHHP !lf ROWS OF CELLS
NUMPfw OF COL UMN S OF CtlLS
TOTA L NIIMHER Of [l ATA ELEMFNTS
NUMnER Of SE HJ •P RO TECTfD OATA ELEMENTS
NUM~ER OF PROTfCT EO DATA ELEMENTS

PARAMETER LIST • HAP LAY~ U T
PARH # II
DEFINITIO N OF EDGE GAP ON THE DISPLAY
PAR" o 12
NUMUER OF S~F.FTS FOR THE DISP LAY
PARH
13
OEF! NIT! ON OF NON CE N TE ~ EO DISPLAYS
P4RM
IQ
a OF VEOTIC4L CH4R4CTfRS PER CELL
PA~~
IS
I OF HO~IZn N TAL CHAPACTFPS PER CELL
PARH • II>
NUMRER OF COLU•N S ON S><EE T • I

Fi g ure 4.

System parameters

IQ OS
SQ
20
7S
SO
QO
Q

I
•I
I
I
0
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The second

defines the upper limits of the semi-protected

data elements and the third parameter for data security
specification defines the upper boundary of the protected
data elements.

These parameters are numbered 8, 9, and 10

respectively in the parameter list.

The data for the

entire parameter list is punched on one card in FILECREATE
DATA card deck .
Irregular Outline Specification
In order to read data which has an irregular
outline into the Element File, USFLEX and ZFLEX, user
written subroutines must be used .

These subroutines must

be read and compiled at the time the data elements are
read into the system.

The number of cells, number of

rows, and number of columns in the study site must be
defined in the subroutine USFLEX.

ZFLEX is the actual

subroutine which directs the placement of data which has
irregular boundaries.

The USERSUB keyword controls thes e

subroutines for data entry and will be explained in detail
in a later chapter.
Program Backup
It was found that a tape backup (or some other
method} should be used after the program is compiled and
checked.

Each major addition of data should also be

copied to tape, in order to avoid problems should the

13

computer storage system fail and the data be lost.

It is

especially necessary since a newly constructed data element
may require a series of operations to obtain.

It may be

very time consuming to reconstruct the operations needed
to produce an element.
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CHAPTER IV
DATA GATHERING AND CODING
The scope of t his thesis assumes that the regional
analysis has progressed through several steps.

It is

assumed the study area and its boundaries have been
determined, land uses assessed, a data list compiled, and
the cell size determined.

These phases of the land use

analysis are extremely important.

They should be studied

very carefully because the effectiveness of the computer
analysis is dependent on the research and work which
precedes it .

The process is discussed in the following

papers:
An Approach to Principles of Land Planning and Design,
Richard E. Toth, 1972.
Computers: Their Place in Land Use Analysis , Myron A.
Blank, 1973.
Honeyhill: ~Systems Analysis for Planning the Multiple
Use of Controlled Water Areas, Murray , et al., 1971.
Irregular Outline
The IMGRID system uses grid cell data in the analysis
processes and graphic map output.

In order to input data

elements for a study which has a rectangular (or square}
boundary, only the STORE keyword is needed.

A study a rea

which has an irregular outline or boundary will use the
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USERSUB keyword to input the study data.

(A detailed

discussion of USERSUB will occur in the next chapter.)

In

order to submit irregular outline data using USERSUB, a
detailed description of the study site boundary must be
developed and stored as Data Element 001.

This descrip-

tion will be in the form of numeric data which is stored
to be used by the USERSUB keyword .
The irregular outline description is input using
punched IBM cards .

The format for these cards is (3I5).

This refers to three areas or fields of columns on the IBM
card.

Each field is five columns in width, starting from

the left margin of the card.

Integers will b e placed in

each of the three fields to define the data boundaries.
The first field, from the left margin of the card,
will indicate how many sequential rows have the description
defined by the next two fields.

The middle field of

integers indicates the number of rejected (blank) cells
from the left margin of the map.

The final field of

integers indicates the number of rejected cells from the
extreme right map margin.

Figure 5 is an example of an

irregular outline description.
The rejected (blank) cells will be given a value of
-99 as the data elements are entered into the data element
file.
The use of this system for inputting data with an
irregular outline will simplify the punching of the data
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I
I
I
I
I
I

(Blank)

Data

Data

Row # 1

(Blank)

Data

Data

Row # 2

Data

Data

Data

Row # 3

I
r------I

Card # 1

I
I
I
I
I

-I

Card # 2

[
r-

I

I

Data

I
I

(Bl ank )

Data

Row # 4

I
I

I

Card # 3

-l

I

I
I

Data

I
I
I
I
_____ !

(Blank)

Data

.._

Card #

o:

1

o:

olI

11
I
I

I

I
I

I
I

I
I

I

1

2

3

4

5

6

1: .

o:

2

Card #
Card # 1

Row # 5
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7

:n

12 13 14 15:
I

I

Field # 1
Figure 5.

Field

2

Field # 3

Irregular outline description

I

I

- -L-

-L---
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cards.

The data will be punched starting with the first

column of the card, without allowances for the blanks in
the margins created by the irregular outline.

The

irregular outline program will position the data correctly
to achieve the desired outline .
Data Coding
When coding data which requires an irregular outline, consideration must be given to the items (subvariables) of the data element.

The irregular outline

program assigns the value -99 to each cell which is
rejected.

When a keyword such as RECODE is used in the

analysis process thes e rejected values (-99) are flagged
as recode errors and set to 0 (See Figure 6).
The resulting element will be changed to a
rectangular format when the rejected cells receive a new
value of 0 .

The reason for this reassignment of 0, is to
1
decrease the cost of the operation.
If this change is anticipated at the time of the

initial data coding, a data element can be given a "no
assignment" item classification.

The following data

element reflects the "no assignment" classification.

1 This point was brought out in a telephone
conversation with David F. Sinton on January 18, 1977.
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Mapped recode operation
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Data Element - Soil Permeability
Data Items
- 0
no assignment
4
slow
5
moderately slow
6
moderate
9
moderately rapid
This item can then be rejected after a recode is completed,
but before the map is produced .

The same results can be

achieved by using a "reject element" during the MAP keyword
operation.

See the MAP keyword for further explanation.

The assignment of the 0 to replace the initial -99
rejected value, will not alter the integrity of any
analysis.

A data element, whose cell values are rescaled

to result in equal intervals on output, will reflect the
reassignment of 0 in the rejected cells.

If the cells

outside of the study area receive a value of 0 and are not
rejected before interval scaling, the minimum for that
operation will be 0.

This may not be the lowest value

within the actual study site and so the REDUCE and NORMAL
keywords provide input of a "reject element" to omit these
cells from processing.

Care must be taken to recognize

this and avoid surprising results.
Study Data Base
The data base which is used here to test and
provide examples of IMGRID operations was collected by
Skinner and Hanson in the Wellsville / Dry Lake Study, 1973.
This data base is chosen because it is established, tested,

20
and represents a study area which has a diversity of
environmental conditions.

The purpose of this thesis is

to test and document IMGRID.

By using an established data

base, the need for testing and verification of data is
eliminated.

The Wellsville/Dry Lake data base is also

familiar to the graduates and undergraduates at Utah State
University.
The Wellsville Study data base was created for a
recreation study.

It was developed to be used with the

GRID Mapping and Analysis System, and the data is coded to
respond to the limitations of GRID.
For these reasons the data base has certain
limitations which should be considered when viewing the
maps throughout the paper.

The maps are primarily to

provide examples of output using the IMGRID program and
as a supplement to the documentation.
An understanding of Il1GRID is a prerequisite for
preparing a data base.

IMGRID allows for internal receding

and rescaling of data elements to change or regroup the
initial values.

By giving careful thought to data base

collection and coding, the system's flexibility can be
used to its fullest advantage.
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CHAPTER V
KEYWORD OPERATIONS
General Information for Card Formats
Information is entered (input) into the computer
system through the use of punched cards.

The standard

punch card consists of 80 vertical columns and 12
horizontal rows.

Each column, corresponds to a single

character (number, letter, or symbol).

When a card is

punched, the character is printed along the top margin of
the card and a corresponding card is punched in the column
below.
The punch card is used to input the initial
program, study parameters, and the study data base elements.
Cards also control the data manipulation and analysis
thro ugh the use of keywords.
To simplify keyword operations, there is a
standard keyword format.

The 80 columns of the punch

card are divided into a number of fields or areas.

Each

field has a value associate d with it which relates t o the
specific keyword.
field definition;

The following diagram illustrates the

22

Columns:
1-3
IA

4-10
Keyword

11-13

14-16

IB

IU

20-39

17-19
IW

Receding
Field

40-80

El e ment
Title

IA, IB, IU, and IW are variables within each subroutine and are specified by each keyword.

The columns

which define the field stay the same, however.
Each keyword will require specific values in the
fields depe nding on the type of operation.

The values

will be discussed individuall y with each keyword .
The numeric values in each field must be right
justified, which refe rs to the positioning of the number
to the extreme right of the field, because blanks are
interpreted as zeros.
FIELD
COLUMNS
The number 17 is
right justified in
a three digit field.

VALUES

FIELD
COLUMNS
VALUES

The number 17 will be
read as 170 because
the blank will be
interpreted as a 0.

Many of the input formats used by keywords such as
STORE, UPDATE, XRECODE, and others are defined using the
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FORTRAN computer language.

If the user does not have

sufficient knowledge of the language, a FORTRAN manual
should be consulted.
The remaining portion of this chapter will be
devoted to individual discussions of the keywords.

The

keywords which are operational at Utah State University at
this time are broken into the following categories:
Data Entry, Management, and System Control Keywords
STORE
UPDATE
RELOC
RENAME
LIST
MODEL
CONT
END
Display Keywords
SYI1BOL
MAP
TEXT/ENDT
Reced ing and Analysis Keywords
RECODE
RECODE WITH CONT
OVERLAY
XRECODE
REJECT
MATRIX
SEARCH
ASEARCH
INDEX
MULTPLY
REDUCE
NORMAL
User Specification
USERSUB

24

The function, card set up, and an example of the
operation of each keyword will be discussed in the remainder
of this chapter.
The descriptions and card formats presented in
this chapter are a synthesis of personal experience with
IMGRID, and information concerning IMGRID in draft form
received from the Harvard Graduate School of Design,
Cambridge, Massachusetts, written by David F. Sinton and
Dana Tomlin in the Fall of 1975.

Information was also

gained from several telephone calls with David Sinton and
the following documentation in draft form:
Sinton, David F., "I.M.G.R.I.D., An Informational Manipulation System for Grid Cell Data Structures, User's Guide,"
First Draft, Harvard Graduate School of Design, Cambridge,
Massachusetts, August 29, 1976.
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Data Entry, Hanagement, and
System Control Keywords

The STORE keyword will assign data values to a data
element file on a cell-by-cell basis.

The actual frame-

work or skeleton for storage locations have been created
prior to this time .

STORE will read sequer.tially, digital

values from cards and assign these values to the appropriate file and cell positions.

A user specified FORTRAN

format will define the format of the input values.
This keyword will input only data from a study site
whose boundaries are square or rectangular.

A study site

with irregular boundaries will have data input with the
USERSUB keyword.
The STORE keyword will assign values into SemiProtected or Workspace unless the override condition,
099, is specified in columns 17-19 of the keyword card.
With the override condition, the values can be written
into Protected Space.

Careful consideration should be

given before data values are written into Protected Space
however.
If the display of a data map results in all zeros
after data input, it should be checked to see if the proper
data security was specified.

An attempt to write into

space without the override condition, wil l result in an
error message and a data file with zero values.
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The STORE keyword will assign values up to four
digits in length.

However, the 0-9 or 0-19 data codes are

more typical.
The input procedure for th e STORE keyword is a
multiple ca rd procedure to initiate the keyword operation,
specify the data input FORTRAN format, and enter the data
values .
The card input sequence is as follows:
Card 1
keyword card
Card 2
data format statement
Card 3
data (in the above specified format)
Card n
final entry
Several blank cards should follow to prevent
errors caused by too few data cards.
Card Format
Keyword card .
Columns
01-03

The number of the output data element .

04-08

The STORE keyword.

17-19

The field for protection override
s p ecification.

40-79

The title of the output data element.

Format card.
Columns
01-n

The FORTRAN format statement.

Data cards.
Columns
01-n

The data values defined by the
preceding format statement.
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Example

1

4

20

11

40
CENTROID ELEVATION

029S TORE
( 2014)

476546 504)89 .•..•

This example will input elevation data which is
coded in numbers four integers in length (20I4), for a
study site with a rectangular boundary.

The data is

stored in data element file number 029 and labeled Centroid
Elevation.

•
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This keyword will directly assign a data value to
a specific cell location in a data element, on a cell-bycell basis.

This procedure will allow for data revisions

without changing the remaining values of the element.
In order to revise a data element without changing
the file location, the input and output element numbers
will be the same.

UPDATE can write into Protected Space

only with the override condition specified,

(099 in

columns 17-19), but careful consideration should be given
before doing this.

A better alternative would b e to

relocate the revised element into another area and check
the results before replacing the original element values
with the updated version.
The values are assigned by specifing the row number,
column number, and finally the new value for each cell
change.

These assignments are defined by a single FORTRAN

statement which precedes the new assignmen ts.
UPDATE is a multiple card operation to identify
the input and output elements, specify the input format,
identify cell positions and their new values, and finally,
terminate the input operation.
The input card sequence is as follows:
Card
Card
Ca rd
Card
Card

1
2
3
n
m

keyword card
FORTRAN format
cell position and new value
last cell position and new value
value to terminate input (-1)
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Card Format
Keyword card.
Columns
01-03

The number of the output data element.

04-09

The UPDATE keyword.

11-13

The number of the input data element.
If a valid element number is not
specified, the initial values will be
set to zero.

14-16

This field will specify the total
number of printed error messages.
000
will result in 10 messages printed.

17-19

This field is used for protection
override specification.

40-79

The title of the output data element.

FORTRAN statement card.
Columns
1-n

FORTRAN statement to define the row
number, column number, and the new
value.

Data cards .
Columns
1-n

The row number, column number, and
new value assignment according to
the preceding format card.

Termination card.
Columns
1- 2

A negative row number (-1) to
terminate the UPDATE operation.
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Example

1

4

ll

049UPDATE 018
(31 4)
00)700120000
00)7001)0000
-1

20

40
UPDATE CEOL, HAZARDS

Data element number 018 (Geolo gic Hazards) i s updated
by reassigning the value of 0 to two cells and relocated
in data element file number 049.

After the changes are

verified, the contents of the new fil e 049 may replace the
original fil e 018 using the RELOC keyword.
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This keyword will duplicate the data element values
from one location at a new location.

Any data element may

be duplicated using the RELOC command regardless of the
range of numeric values or file location.
The copy may be located into Workspace or SemiProtected Space and, if the protection override is
specified (099 in columns 17-19), the copy may be located
into Protected Space in the Data Element File.

The output

or copy of the RELOC element will write over the values in
the file specified at the output location.
The RELOC keyword can be used to "save" data
element values by duplication into a new location.

An

element can be checked after analysis or updating and moved
to Semi-Protected or Protected Space in the Data Element
File to be used at another time.
This command requires only a sing l e card operation.
Card Format
Keyword card.
Columns
01-0 3

The number of the outp ut data e lement.

04-08

The RELOC keyword.

ll-13

The number of the input element.

14-16

099 in this field will assign the output
data element the title of the input
data element. Any other value in this
field will not do this.
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Keyword card (continued}.
17-19

This field is for protection override
specification .

40-79

The title for the output data element. ,

Example

1

4

040RELOC

20

11
0 01

40
BOU NDARY RE.IECT ELEMEN T

In this example the contents of file 001 (Irregular
Outline Data) are copied into data file number 040.

The

data values are not altered and so an exact copy, labeled
Boundary Reject Element, is now located in file number 040
for subsequent use.
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The RENAME keyword wil l revise the titl es of data
elements on an e lement-by-ele ment basis.

The values

stored in the data element file will not be altered.
RENAME will directly assign, reassign, or erase only the
titles.
The revisions will be displayed when the data
element titles are listed using the LIST or END keywords.
It must be remembered that RENAME will only change titles
and not the values of the data elements.
This keyword requires only a sin9Je card operation.
Card Format
Keyword card.
Columns
01-03

The number of the data element to
be revised (Output element) .

04-09

The RENAME keyword.

40-79

The new element title to be assigned.

Example

l

4

002RENAME

ll

20

40
OWNERSHIP
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The LIST keyword will display selected portions of
the Data Element Title List.

These titles will be the most

recent as assigned by other keyword operations to that
point.
LIST may be sp ecif ied at any point in the keyword
operations before END and will start a new page heading
of the print output.
This keyword requires a single card operation to
specify the first element title of the portion of the list
to be displayed and then the element number of the final
title to be displayed.
Card Format
Keyword card.
Columns
04-07

The LIST keyword.

11-13

The data element number of the first
title to be displayed.
000 in this
field will result in the display of
the first element title in the field.

14-16

The data element number of the
final title to be displayed.
000
will result in the display of the
final e lemen t number in the file.
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The MODEL keyword is documentary, to define
graphically a specific analysis.

The model title will

separate the input card deck analyses and provide a group
title on the output sheets.

All output maps will have the

model title specified as a heading, until a new MODEL
keyword provides a new title.
The MODEL keyword may be placed at any point in
a keyword operation and usually separates different
analyses in the same IMGRID submission.
MODEL has no effect on other keyword operations
but merely provides for graphic organization.
This keyword is a single card operation to define
the super-title for map and segment output.

MODEL can

also be used to erase titles in portions of the data
element list.

Again, the number of the first element

title to be erased is specified and then the final element
title number of the list is specified.
Card Format
Keyword card.
Columns
04-0 8

The MODEL keyword.

20-22

The number of the first data element
title to be erased .

2 3-25

The number of the final data element
to be erased. 000 will result in no
titles being erased.
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Keyword card (continued).
Columns
40-79

The MODEL title which will appear on
the output headings and map titles.
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This keyword will extend the input of certain major
keywords.

CONT is a keyword which is similar to the FORTRAN

statement "CONTINUE."
CONT must be used with the MATRIX keyword for the
definition of the row element of the matrix.
The keyword CONT may be used with RECODE, OVERLAY,
SEARCH, and REJECT keywords for combining data elements in
a single keyword operation.
The CONT keyword provides a continuation of major
keyword operations and so it must be preceded by that
keyword.

CONT may be preceded by a series of CONT cards

provided the first in the series is preceded by a major
keyword.
The card format for CONT will be discussed with
each keyword which may use it.
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The END keyword will stop the processing of keywords
by IMGRID and store the system parameters and element
titles.

This keyword may only be used once, as the final

IMGRID statement at the end of the submission.

It will be

followed only by Job Control Language cards for systems
control.

The Burroughs B 6700 at Utah State University

requires a 2 END card to follow the END keyword.
The END keyword will cause the total number of
keywords which were processed and a current data element
listing to be printed at the end of the output pages.
If the END keyword is not processed, the updated
system parameters and changes in the data element files
will not be stored.
END requires a single card operation to terminate
the IMGRID submission.
Card Format
Keyword card.
Columns
04-06

The END keyword.
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Display Keywords

This keyword will provide the line printer symbols
to b e specified for a graphic map display (MAP keyword).
The symbols correspond to the data code values of the data
elements.

Symbols can also be defined for values outside

of the valid range of 0-19.
Each symbol consists of up to four overprinted
characters.

All valid keypunch characters can be used.

Up to five different sets of symbols can be stored
at one time, numbered 001 through 005.

The five symbolism

locations in storage are not protected and so it is
recommended that the sets of symbolism be resubmitted for
each runto insure correct map symbolism.
For each set of symbolism, a five card keyword
operation is required to specify the overprint characters
for each symbol.

The sets of symbolism may be redefined

at any time in a keyword sequence.

Each set of symbolism

will correspond to a maximum range of 0-19, although a set
can be defined using only the 0-9 range for map display.
Card Format
Keyword card.
Columns
01-03
04-09

The output number for the symbol set
(001-005).
The SYMBOL keyword.
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Character overprint cards.
Columns
01-20

('four cards)

The characters which correspond to the
data values 0-19. The characters on
these four cards result in the overprint symbols.

22

The character ass igned to reject (- 99)
cells.

23

The character assigned to cells with
values less than 0.

24

The character assigned to cells which
exceed the maximum range.

Blank cards .
Several blank cards should be added
behind each set of symbolism because
the operation requires four cards to
be read.
If a card is omitted, the
blank cards will be read and not
another operation.
Example

1

4

11

20

40

OOlSYMBOL
. , ,+XOOOOO
, -XOOOA

-=XX

v

This example will provide the symbols for a map
with a range of 0-9.
printed characters.

The symbols are made of four over -
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~p

The

~P

keyword will produce the graphic presenta-

tion of a single data element.

The data values are

translated into symbols and printed in a two-dimensional
array.

The map produced will not alter the actual numeric

values o f the stored data element.
The

~P

keyword displays the contents of a data

element graphically and so the data element must be created
and stored prior to the

~P

operation.

The current contents

of a data e lement can be displayed at anytime during a keyword operation.
The symbols will be generated by the SYMBOL keyword prior to the

~P

operation.

Since the symbols

correspond to the 0-19 value range, the data element to
be mapped should be defined within the same range as
the symbol set.
the 0-9 range.

A symbol set may be also defined using
In this case the data values should

correspond to the 0-9 range .
The data values which are greater than the specified range will be given a symbol created in the symbol
set.

Likewise, the values which are less than the

specified range {except for rejected cell, -99, which has
a separate symbol) will also be given a symbol stored in
the symbol set.
Each map is given a data element title and a model
name.

If the

~P

keyword card does not supply the data
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element title, it will come from the most current title
stored in the Data Element Title List.
The standard 15-inch paper will allow for the
printing of a map with a maximum of 120 cha r acters across.
If the s tudy site is larger than 120 cells in width, the
MAP keyword will print extra pages (from left to right)
which can be spliced together to result in a larger map.
The standard map will be centered within a border
and identified with an element number.

The rows and

columns will be indexed and the corners of the map will
have registration marks .

Following the map will be a

study title, symbolism key, and frequency of the data code
values.
Map output will follow the last printed line and
end with an automatic skip to the top of the next page.
Descriptive text should precede the MAP keyword.
The MAP keyword operation requires only a one
card operation.

It must be remembered, however, that the

contents of a data element must be within the 0-19 range
in order to be displayed and that the correct symbolism
set must be specified for that range.

Many data elements

must be redefined before mapping is possible.
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Card Format
Keyword card.
Columns
01-03

The input number of the data element
to be displayed.

04-06

The MAP keyword.

11-13

The number of value levels to be
mapped.

14-16

The number of the symbolism set.
If
this field is left blank , the 001 set
will be used.

17-19

The reject element number (such as a
boundary reject). If no cells are to
be rejected, this field remains blank.

40-79

The element map title.
If this fie ld
is blank, the current title from the
Data Element Title List will be used.

Example

1

4

002MAP

11

20
04 0

40
OWNERSHIP

For more examples of the MAP keyword, see the other
keyword examples which are mapped.
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Data Element 002 - Ownership
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TEXT-ENDT
This keyword operation is to provide supplementary
documentation during an operation.

The entire keyword

operation is documentary and is not stored.
Between the TEXT and ENDT keywords, is inserted up
to 75 consecutive cards of documentation.

These cards have

a "free format," which allows any valid character to be
printed (no over-printed characters) in the position which
the cards are punched.

This documentation will be printed

after skipping three lines from previous output .

Blank

cards may be used for additional spacing at the beginning
or within the documentation.
It is important to have the ENDT statement
correctly specified , because the system will read and
print 75 cards after the TEXT keyword or until the ENDT
keyword is processed.
The keyword operation requires the TEXT keyword,
up to 75 cards of docurnenation, and finally the ENDT
statement which terminates the operation.
Card Format
Keyword card.
Columns
04-07

The TEXT keyword.
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Card Format (continued}
Documentation cards .
Columns
01-80

(Up to 75}

The documentation using free format
and any valid characters (no overprint characters} . Blank cards may
be used for spacing.

Termination card.
Columns
01-04

The ENDT statement.
(Notice that this
keyword starts in column 01} .
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Recoding and Analysis Keywords
RECODE
Data items within the range of 0-19 can be
reassigned new data values within the 0-9 range, on an
item-by-item basis.
The use of this keyword will require professional
judgment to reassign the values.

It is important that

this process be considered very carefully and the intent
documented.
The new data code s are assigned by placing the new
v a lue s in th e fi e ld defin e d by columns 20-39 on the keyword
card.

That field corresponds to the existing values of

0-19 of the data element to be recorded.
Card
Columns

2 2 2 2 2 2 2 2 2 2 3 3 3 3 3 3 3 3 3 3
0 l 2 3 4 5 6 7 8 9 0 l 2 3 4 5 6 7 8 9

0-19
Range

l l
0 l 2 3 4 5 6 7 8 9 0 l

l l l l l l l l
2 3 4 5 6 7 8 9

The values to be assigned must be single digit
values within the range 0-9

(although the range may be

e xtended to 0-15 using He xadecimal code s).
The RECODE operation is used extensively for many
analysis procedures and involves a single card o p eration.
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Card Format
Keyword card.
Colwnns
01-03

The number of the output data element.

04-09

The RECODE keyword .

ll-13

The number of the input data element.

17-19

The maximum number of printed error
messages.
000 will result in 10
messages printed.

20-39

The new data codes in the range of 0-9
are assigned to old codes (in the range
of 0 - 19.
(See Figure . )

40-79

The title of the output data element.

Example

1

4

20

11

06 1RECODE OOJ

9009900004

40
RECODE EXISTING LAND USES

This RECODE operation will recode element number
003 (Existing Land Uses) and place the new values into data
element file number 061 label e d Recode Existing Land Uses,
to be used for further processing.

The original value 0,

which corresponds to Fede ral Land, is receded to the higher
value 9 by placing a 9 in column 20 of the keyword card.
Likewise the value 3 which corresponds to State Land, is
receded to 9 by placing a 9 in column 23 of the keyword
card.

This process is repeated for all receding changes.
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RECODE with CONT
The use of RECODE with CONT will allow the reassignment of the data values for several data elements on an
item-by-item basis.

The data elements will be combined to

result in a single new element.
Each CONT card will develop a recoded element.

As

the elements are combined, each cell will be assigned the
most recent non-zero value.

This process is essentially

an overlay with the zero values resulting in "transparent"
zones, which takes on the previous non-zero value.
The RECODE with CONT is a multiple card operation
to:
1.

Define the first recede laye r

(RECODE)

2.

Add additional layers with the CONT keyword card.

Card Format
Keyword card.
Columns
01-0 3

The number of the output data element.

04-09

The RECODE keyword .

11-13

The number of the input data element.

17-19

The maximum number of printed error
messages.
000 will result in 10
messages printed.

20-39

The new data codes in the range of
0-9 are assigned to the old codes in
the range of 0-19.

40-79

The title of the output data element.
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Continuation cards.

{The number of cards will vary)

Columns
04-07

The CONT keyword.

11-13

The number of· the input data element.

20-39

The new data codes in the range of 0-9
are assigned to the old codes in the
range of 0-19.
{See RECODE Figure.)

Example

l

4

o6o~~~~DE
060MAP

20

ll

gg,;

0000)70009
000088?009
040

40
RECODE ROADS

RECODE UTILITIES
SUITABILITY FOR DEVELOPMENT

This examp le will rank the output cells by the type
of road in the original cell.

If no road is in the cell

it will be ranked by the type of utility present.

The

results are mapped as Suitability for Development from
file number 060, using the Boundary Reject Element {040)
to reject cells outside of the study boundary.

As in the

previous keyword, original values are receded by placing
the new values in columns 20-39.
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OVERLAY
This keyword directly reassigns cell values on an
item-by -item basis.

If the CONT keyword is not used with

OVERLAY , the result will be the same as RECODE.
In RECODE with CONT and OVERLAY with CONT, the
procedures are nonadditive.

As the recoded elements are

combined in the OVERLAY operation, the individual cell
values result from an assignment of the highest new data
code in the sequence.

However, the RECODE with CONT

procedure will assign the most recent nonzero value.
The OVERLAY procedure will assiyn the highest
values of the input elements without considering the
relationship of the other input elements.
CONT should be used with OVERLAY in a multiple
card operation to define the recoded elements of the
overlay sequence.
Card Format
Keyword card.
Columns
01-03

The number of the outp ut data element.

04-10

The OVERLAY keyword.

11-13

The number of the input data element .

17-19

The maximum number of printed error
messages. 000 will result in 10
messages printed.

20-39

The new data codes in the range of 0-9
are assigned to the old codes in the
range of 0-19.
{See RECODE.)
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Keyword card (continued ).
Columns
40-79

The title of the output data e l e me nt.

Continuation cards.

(The number may vary)

Columns
04-07

The CONT keyword.

11-13

The number of the input data e lement.

20-39

The new data codes in the range of 0-9
are assigned to the old codes in the
range of 0-19.
(See RECODE .)

Example

l

4

20

11

0610VERLAY018
CONT
00 9
06 1MAP

0 000780009
)00)211001

040

40
REC OOE GEOL . HAZARDS
RECODE WATER TYPES
ENVIRONMENTAL AREAS SENSITIVE TO DEVEL.

This overlay will locate areas which are sensitive
to deve l opment by overlaying Geo logic Hazards (018) and
Water Types (009) .

The highest resulting cell values a re

the most sensitive as shown o n the map .
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XRECODE
The XRECODE operation will directly reassign data
values on an item-by-item basis.

XRECODE is used when the

new data values are outside of the 0- 9 range or if the
old values to be reassigned are outside of the 0-19 range.
A multiple XRECODE operation will result in an
overlay effect similar to RECODE with CONT.

The new data

codes of 0 will take on the most recent nonzero values.
If more than two data elements are overlaid, a multiple
keyword sequence is necessary.
This keyword will generally accept input values in
the range 0-999.

Values outside of this range should be

redefined or program changes made to facilitate the larger
range.
The new maximum data code will be assigned to old
data values outside of the new range, either greater than
the new maximum or less than zero.

If an old data code

within the new value range is not given a new value, it
will be assigne d zero.
XRECODE is the most versatile r eceding operation
because of the capacity to deal with an extended rang e of
data values.

Although NORMAL and REDUCE will recede

extended ranges of values, the new values will be in the
form of interval data.
user defined values .

XRECODE will also allow specific
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The XRECODE operation requires a multiple card
input to:
1.

Specify the input and output data elements, and
maximum input data code to be recoded

2.

Specify the correct input FORTRAN format

3.

Assign the new data values.
The input format is defined using the FORTRAN

computer language.

If the user does not have sufficient

knowledge of that computer language, a FORTRAN manual should
be consulted.
Card Format
Keyword card.
Columns
01-0 3

The number of the output data element.

04-10

The XRECODE keyword.

11-13

The element number of the old data
codes to be recoded.

14-16

An additional element number may be
specified here to be an underlay
element.
000 will result in no
underlay.

17-19

The maximum value of the input data
code to be recoded.

40-79

The title of the output data element.

FORTRAN card.
Columns
01-40

The correct FORTRAN statement to
specify each row of data to follow.
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Data card.
Columns
01-80

(The numbe r of cards will vary accordi ng
to FORTRAN Statement)
The n ew data values to be assigned to
the old data values.
They will be
punched sequentially with the maximum
data value as specified on the keyword
card.

Example

1

4

20

11

0 70XRECODE 025

009

40

REASSIGN SOI L TYPE

(lOI2)
000)050607091 01 2 0014

This example will assign new values of 0-14 to the
o ld values of 0-9 from the Soil Typ e (025) dat a element.
The new values a re specified sequentially from the data
card (third card in the example).
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The REJECT operation will reject, or reassign
values of -99, to data elements on an item-by-item basis.
The reject condition has absolute dominance over the
existing data values.

A REJECT output element may be

stored and later used to mask or define areas which should
not be considered in certain analyses.
The reject condition, -99, is considered by IMGRID
as a special condition.

The MAP keyword will not produce

a graphic symbol for rejected cells.

REDUCE, NORMAL, and

ASEARCH may be used with REJECT, but the other keywords
will treat the reject condition as an error and automatically assign it a new value of 0.
The REJECT operation requires a single card for
input unless the CONT keyword is used.
The reject condition will be assigned by placing
a new data code of 1 in the appropriate location in the
field define d by the columns 20-39.
to the value range 0-19.

This field corresponds

The entire data item will

receive a -99 value if a code of 1 is specified.
Card Format
Keyword card.
Columns
01-03

The number of the output data element.

04-09

The REJECT keyword.

11-13

The number of the input data element.
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Keyword card (continued) .
Columns
17-19

The maximum number of printed error
messages.
000 will result in a
maximum of 10 printed.

20-39

The assignment of 1 or 0 to the old
data codes in the range 0-19.
The
value 1 is the code for th e reject
condition.

40-79

The title of the output element.

Continuation card.

(Optional)

Columns
04-07

CONT keyword.

11-13

The number of the input data eleme nt.

20-39

The assignment of 1 or 0 to the old
data codes in the range 0-19.

Example

1

4

20

11

061REJECT 002

1000000000

40
REJECT FEDERAL LANDS

This operation will reject the data item, Federal
Land, from data element 002

(Ownership) by assigning those

cells the reject value (-99).
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This keyword allows for a comparison of two data
elements using a matri x , and the reassignment of data values
on the basis of that matrix.

The new data values are

assigned on an item-by-item basis.

The result of the

comparison is to define unique pairs of data items from
the two data elemen ts.
MATRIX with CONT defines the output matrix by
column and row designations.

The output of the MATRIX

operation is assigned as follows :
Element A

Element B

1

2

3

1

1

2

3

2

4

5

6

3

7

8

9

Output Values
In this case, the data values of Element A and
Element B are reassigned new values of 1, 2, or 3 and
compared on a cell by cell basis.

If the value of the

first cell from Element A is 1, and the val ue of the first
cell from Element B is 1, a new value of 1 will be assigned
to the first cell in the output eleme nt.

If the value of

the second cell from Element A is 2, and the value of the
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second cell from Element B is 1, the value of 2 will be
assigned the second cell in the output element, as the
matrix shows.

This process continues with the new values

assigned from the matrix.
In most cases, the results of the initial MATRIX
output will not be in a directly usable form.

The matrix

assigns a particular value to each combination of cells
from two data elements.

These values will then need to

be reassigned new values which are relative to the specific
analysis.

The following matrices show this process:
Element A

Element B

l

2

3

1

l

2

3

2

4

5

6

7

8

9

3

Initial MATRIX Output Values

Element A

Element B

l

2

3

l

2

5

9

2

2

4

8

2

4

3

l

Recode Output Values
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In order to accurately use the MATRIX operation,
the two matrices should be diagrammed to ensure proper
positioning of the data values.
Using this keyword, a matri x may consist of up to
9 columns and rows

(15 if Hexadecimal codes are used) .

A

large matrix will, however, require a large number of
value decisions.

The distinction between the value

decisions will become less apparent with these large
matrices .

It is, therefore, recommended that smaller

matrices of three to five columns and rows be used.
The MATRIX keyword requires a great amount of user
input but will allow the comparison of two unlike data
elements.
MATRIX is a multiple card operation to define the
columns and rows of the matrix.

To assign new values to

the matrix output, an additional step involving the RECODE
or OVERLAY keywords is required.
Card Format
Keyword card.
Co lumns
01-03

The number of the matrix output data
element.

04-09

The MATRIX keyword .

ll-13

The number of the input data element.

14-16

The number of columns which make up the
matrix.
000 in this field will result
in three columns defined.
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Keyword card (continued) .
Columns
17-19

The maximum number of printed error
messages.
000 in this field will
result in 10 printed.

20-39

The new data codes in the range of 0-9
are assigned to the old data codes
according to the relative position
in the field. The new codes correspond
to the column numbers on the matrix.

40-79

The title of the output data element .

Continuation card .
Columns
04-07

The CONT keyword.

11-13

The number of the input data element.

20-39

The new data codes in the range of 0-9
are assigned to the old data codes
according to the relative position in
the field . The new codes correspond
to the row numbers on the matrix.

Example

1

4

20

11

2001 2 1 000)

062MATRI X 01000)
CONT
009

06JRECODE 06 2
06JMAP

)00)211001
0259248124

040

40
RECODE ORIENTATION FOR MATRIX
RECOOE SLOPE FOR MATRIX
REC ODE MATRIX
ORIEN TATION/ SLOPE FOR HOUSING

The example will assign new values as a result of
a 3 X 3 matrix combination of data element number 010
(Orientation Of Slope) and data element number 009 (Percent
Slope) with the first two cards of the operation.

The

results from the initial matrix combination are receded
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in columns 20-29 of the third card (RECODE} , to assign
higher values to the cells which have the best orientation
and percent of slope for housing.

The results are mapped

using the Boundary Reject Element (040}
Slope for Housing (063}.

as Orientation/-
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Figure 10.

Map 063 -Orientation/Slope for Housing
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SEARCH
The SEARCH keyword will assign data cell values
based on the proximity to a specified origin cell or group
of cells.

The cell values increase as the distance from

the origin cells increase.

This operation defines

"proximity zones" as th ey relate spacially from the origin.
The reassignment of data values occurs on an itemby-item basis.

The SEARCH procedure may be initiated from

origin cells within the range of 0-19.

Values outside of

this range should be redefined before the SEARCH operation.
In order to define a SEARCH origin, a va lue of l
is place d in a column within the field defined by columns
20-39, which corresponds to the appropriate data item from
which the search originates.
receded as 0.

The remaining data items are

The search will be initiated from the cell

or cells making up the data item which is receded as l.
The output will assign the origin cells values of 0 and
ce ll zones around the origin, values of l, 2, 3, and so on ,
to correspond to the distance by cells away from the origin.
The search procedure assigns values to cel ls
e ntirely on spacial configuration and not quality.

The

value assigned to a cell depends upon how many cells away
from the origin the cell lies.
This keyword requires a single card for each
single SEARCH operation.
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Ca rd Format
Keyword card.
Colu!TU1s
01-03

The number of the output data element.

04-09

The SEARCH keyword .

ll-13

The number of the input data element.

14-16

The radius of the search.
000 in this
field will result in a 9 cell radius.

17-19

The maximum number of printed error
messages.
000 will result in 10
messages printed.

20-39

The new data codes of 0 or l are
assigned to a position which corresponds
to the old data codes of the range 0-19.
A data code of l will designate the
origin c e lls of the search.

40-79

The title of the output data element.

Example

1

4

20

11

064RECODE 026
065SEARCH 064
06SMAP

00000000 09
00000 0 00 01

40

RECODE TO DE FI NE DRY LAKE
SEARCH PROM DR Y LAKE

04 0

This operation will define Dry Lake through a
recede of data element 026 (Dry Lake) and produce a nine
level search using Dry Lake as the origin.
mapped as Search From Dry La k e

(065).

The results are
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Figure ll.

Map 065 - Search From Dry Lake
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ASEARCH
The ASEARCH keyword will reassign values to cells as
a function of the surrounding cells values.

It is an

additive search to assign a new value as a result of the
total value of the surrounding cells within a specified
radius.

For example, an ASEARCH with a three cell radius

will add the values of a 7 X 7 group of cells and assign
that resulting sum to the origin cell.
This keyword may be used where an analysis requires
an area larger than one cell for a particular land use.
The resulting cell value would depend upon how "suited"
the original cell and surrounding cells are for an activity.
The actual cell values resulting from an ASEARCH
operation are computed by adding the initial cell value
to the values of the surrounding cells within a specified
radius.

Each cell is scanned and then re-scanned from the

ne arby cells to obtain other totals.
A typical ASEARCH operation will require a single
card input unless the results need to be rescaled, in
which case the keywords REDUCE or NORMAL should be used.
Card Format
Keyword card.
Columns
01-0 3

The number of the output data element.

04-10

The ASEARCH keyword.
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Keyword card (continued).
Columns
11-13

The number of the input data element .

14-1 6

The radius of the scan in number of
cells. There is a maximum radius of
19 unl ess an override is specified in
columns 23-25.

17-19

A value of 000 in this field will
result in the initial cell value to
be added into the output cell value.
001 in this field will exclude the
initial cell value from the final
output value.

20-22

This field will contain the reject
element number if used.

23-25

This field may contain the override
condition of 099 to provide for an
unlimited radius.
000 in this field
will limit the search to a maximum
of 19 cells.

40-79

The ti tl.e of the output data elemen t.

Example

1

4

20

11

051RECODE 06 7
052A:;EA RC H051003
053REnUCE 052040
053MAP

0001122333
040

40
PRE - SC ALE DATA

ADDlTIVE SEAR CH OP RESI DENTIAL HOUS ING
AtJDIT IV E SEARCH Dr' Ht::SlDENTIAL HOUS ING

This example is an additive search operation of
Residental Housing (067) using a three cell radius.

Ths

input element (067) was recoded to three levels before the
operation and the Boundary Reject Element (040) specified
for the ASEARCH computati on.
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Figure 12.

Map 053 -Additive Search Of Residential
Housing
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The INDEX keyword allows for the creation of a new
data element from the weighted sums of a series of existing
data elements .

A specific cell is multiplied by a weighting

factor and then added to the corresponding cell in the
next data element, which has also been multiplied by its
weighting factor.
This process may be used to determine land use
suitabilities, or in other words, locate cells which would
be suitable for a given land use based on characteristics
contained in the data elements.

To locate areas which are

suitable for a land use, the important components which
determine that use must be identified.

In the modeling

context, the components or data, must then be receded to
reflect how they are important.

The third aspect is

weighting, or how important is the component in relation
to the other components.
The use of INDEX will require the components or
data elements to be receded and stored in the Data Element
File before execution of the keyword sequence.

The INDEX

procedure will then define the data elements, multiply by
the specified weighting factor, and add the results
together to create a new element.

The following simplified

equation demonstrates this procedure.
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index output element
initial element
data elements
relative weighting values

Up to twenty data elements can be used during one
INDEX procedure.

The initial element "i," is a previously

created index which may be added to the current operation.
This option will extend the capability of INDEX to combine
more than twenty data elements.
Because of the nature of this procedure, the
resulting cell values may be very large.

The r e sults

should be rescaled using the REDUCE or NORMAL keywords.
The IMGRID system will process numbers up to 32,000.
If the index values exc ee d this limit, they will be
reassigned the value of 32,000.
The weighted sum procedure will identify the
important but not essential components of an analysis.
This point should remain clear as the analysis using INDEX
is created and the results inte rpreted .
The INDEX operation requires a multipl e card
sequence to:
1.

Define the INDEX operation and specify the number
of elements to be included.

2.

List the data elements to be used in the INDEX.

3.

Assign weighting f ac tors to the data e lements.
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Card Format
Keyword card.
Columns
01-0 3

The number of the output data element.

04-08

The INDEX keyword.

ll-13

The number of the initial "i" data
element, if i t is to be used.

14-16

The total number of data elements to
be used for the INDEX. The maximum
number is 20.

40-79

The title of the output element.

Data element card.
Columns
01-80

The input data element numbers located
in (20I4) format or twenty, four digit
fields from left to right.

Weight assignment card.
Columns
01-80

The weighting factor for each corresponding data element. The weights are
also placed into twenty four digit
fields, but the weights are expressed
as real numbers with a decimal point.
Examples:
01.5 and 02.0.
-

Example
1

4

ll

20

40

06)R ECODE 01 4

5 00974000)

RECODE SLOPE
REC ODE S LOPE ORIENTATION
RECODE TREE DENS ITY

064RECODE 016

0000279009

RECOOE DEPTH TO BEDROCK

065RECODE 01 9

9 0855)1)0 0

06 1RECODE 00 9
06 2RECODE 010

9 00952000 0
0005590005

g~m~g 006)0gg~0065

0) . 001. 0 01 . 001. 0 0 ). 0
067REDUC E 066040
06?MAP

RECODE SOI L TYPE
SU I TABILITY FOR RESIDE NTIAL HOUS ING

SUITABILI TY FOR RESI DE NTI AL HOUSING
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Cells which are suitable for Residential Housing
are computed using the INDEX keyword.

The data elements

needed for the index were first recoded and the weighted
sums produced with the INDEX keyword.

The results were

then scaled by the REDUCE keyword and the Boundary Reject
Element (040) specified to reflect the irregular boundary.
The results were mapped as data element 067 (Suitability
For Residential Housing).
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MULTPLY
The MULTPLY keyword assigns new cell values as the
result of the multiplication of corresponding cell values
from two data elements.

Because the data elements to be

multiplied are specified by file location numbers, they
must be created and stored before multiplication can
proceed .
The cell values resulting from the multiplication
may be very large.

If any values exceed 32,000,

the

entire output element will be scaled down by 100.

If the

values still exceed 32,000, the element will be scaled
down by 10,000 and, if the values still exceed the limit ,
the MULTPLY operation will be aborted.

Any scaling of the

output values will be indicated by output messages.
The MULTPLY operation requires a single card input.
Card Format
Keyword card.
Columns
01-0 3

The number of the output data element.

04-10

The MULTPLY keyword (spelled without
the "I").

11-13

The number of the first data element
or multiplicand.

14-16

The number of the second data element
or multiplicand.

40-79

The title of the output data element.
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Example

1

4

11

20

06aOVERLAY 01 8
COUT
0 21
069REC ODE 068
07 0MULTPLY06 7069
071NORMAL 070040
071MAP

0000780009
4004 99700 0

1111111000

40

RECODE GEOL. HAZARDS
RECODE WATER TYPES

RECODE FOR MULTI PLICATION
SU I T . FOR HOUS ING MI NUS SEt-'S. AREAS
SUIT. FOR HOUS I NG MINUS SENS . AREAS

In order to delete cells, they may be multiplied
by zero using the MULTPLY keyword .

In this example, cells

which are sensitive to development (data e l ement 068) are
receded to zero (data element 069) and multiplied times
the data element, Suitability For Residential Housing (067).
The cells values of the housing element (067) which are
multiplied by zero result in zero on output while the other
cell values are multiplied by 1 and remain the same .
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Figure 14.

Map 071- Suitability For Housing Min us
Sensitive Areas
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REDUCE
The REDUCE keyword is used to rescale data values.
The assignment of new data codes is based on the relation ship of one ce l l value to the other cell va l ues .

The new

data codes relate to intervals defined by the total range
of data values within all cells.
REDUCE will define intervals as a function of the
range of the original data values.

The data values are

scanned, the highest and lowest values dete r mined , and a
user specified number of intervals defined .

The output

element cell values are assigned the value of the interval
in which the original cell value falls.
If user options are not specified, the REDUCE
operation will assign new data values according to ten
equal intervals between the maximum and minimum data values .
The operation requires a single card input unless user
options are specified.
Card Format
Keyword card.
Columns
01-03

The number of the output data element.

04-09

The REDUCE keyword.

ll-13

The number of the data element to
be processed.

14-16

The number of the data reject element
if needed.
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Keyword card (continued) .
Columns
17-19

The number of user specified intervals.
(See options. )

20

The user specification of interval
definition.
(See options.)

21

The user specification of the maximum
value.
(See options.)

22

The user specification of the minimum
value.
(See options . )

40-79

The title of the output data element.

Interval card.
Columns
01-80

Interval card.
Columns
01-80

(Optional, included when specified
in column 20 of the keyword card)
Sixteen, five digit fields to define
optional interval specification.
The
values may contain decimal points.
(See options.)
(Optional)
Six, five digit fields to be specified
if more than 16 intervals are defined
in Columns 17-19 of the keyword card.

Optional User Controls
The following options are specified in fields
defined on the keyword card.
1.

The user specified number of intervals.

(The field

is defined by columns 17-19).
a)

A number in this field which is less than l will
result in 10 equal intervals numbered 0-9.

b)

A number 1, 2, 3, 4, or 5 specified in this field
will result in 10 equal intervals numbered 0-9.
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c)

A number between 6 and 20 inclusively, will result
in that number of equal intervals numbered 0
through {N-l) where N is the number of intervals
specified.

d)

A number larger than 20 will result in 20 intervals
numbered 0-19.

2.

The user specified definition of intervals.

{The

field is defined by column 20.)
a)

A "O" {or blank) in this field indicates there is

b)

A number of l in this field indicates that the

no user specification.

relative sizes of the intervals will be read from
a second and third card.

The intervals will be

specified on the cards in fields of 5 columns.

The

lowest interval is specified in the field defined
by columns ll-15 {the third field)

leaving the

first two fields for the maximum and minimum
specification .

The remaining intervals are

specified in sequential order {lowest to highest)
in the remaining fields.
c)

The number 2 in this field indicates that
intervals whose limits are absolute, will be read
from a second and third card.

The intervals will

be specified in fields of 5 columns starting with
the lowest interval limit in columns l-5.

Each

remaining interval limit will be specified in
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sequential order {lowest to highest)

in the

remaining fields.
3.

The user specified maximum value for interval definition {The field is defined by column 21) .
a)

A value of "0" {or blank) will result in a maximum
of the data values to be used.

b)

A value of 1 in this field will result in a
maximum value to be read from the first field
{columns 1-5) of the second card.

4.

The user specified minimum value for interval definition {The field is defined by column 22) .
a)

A value of 0 in this field will result in the
minimum data value to be used.

b)

A value of 1 in this field will result in the
minimum value to be read from the second field
{columns 6-10) of the second card.

The user specified maximum and minimum values are not used
if a value of 2 is specified in column 20.

{See option 2c.)

Example

1

4

20

11

067REDUCE 066040

40

SUITABILITY FOR RESIDENTIAL HOUS ING

This operation will convert the values of the
previous INDEX procedure {066, Suitability For Residential
Housing) into a value range of 0-9.

The Boundary Reject

Element {040) will reject the cells outside of the study
area during the interval specification procedure.
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This keyword will assign new data values in the
range of 0-100 based on the statistical analysis of the
input values.

Because the range of 0-100 is outside of

the normal value range, the results are temporarily changed
into values of the range 0-9.

The NORMAL values of the

range 0-100 however, are stored to be used at a later date.
In order to map the results of NORMAL, the MAP keyword
should immediately follow NORMAL to prevent the erasure
of the 0-9 interval values which are temporarily stored.
TEXT and ENDT are the only keywords which may be used
between NORMAL and MAP and not result in a loss of the
temporary 0-9 range.
In order to recreate the 0-9 or other interval
ranges after the temporary values have been lost, the
REDUCE keyword will be used to redefine the 0-100 range.
The NORMAL keyword also provides for user specified intervals to redefine the 0-100 range.

These options

are discussed after the card formats are defined.

These

values are also temporary in nature, as only the 0-100
range of values are stored.
The NORMAL operation will allow for the comparison
of values from similar analyses such as suitability for
conservation and suitability for residential housing, by
standardizing output cell values through statistical
distribution methods.
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Card Format
Keyword card.
Columns

01-03

The number of the output data element .

04-09

The NORMAL keyword.

11-13

The number of the data element to be
processed.

14-16

The number of the reject data element.

17-19

The numbe r of user specified intervals
(See options).

20

The user specified interval definition
(See options).

22

The specification of the t y pe of
statistical distribution. The value
of 0 results in a Unit Normal Distribution and a value of 1 results in a
Uniform Distribution.

Interval definition card.
Columns
01-80

This card will contain the user specified intervals defined in sixteen, five
digit fields. The values may contain
decimal points. This card is used if
an option is specified.

Interval definition card.
Columns
01-80

This card is used if more than sixteen
intervals are user specified. The
format for this card is sixteen, five
digit fields.

Optional User Cpntrols
The following options are defined in fields on the
keyword card.
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1.

The user specified number of intervals.

(This field

is defined by columns 17-19.)
a)

A number in this field which is less than 1 will
result in 10 equal intervals numbered 0-9.

b)

A number 1, 2, 3, 4, or 5 specified in this field
will result in 10 equal intervals numbered 0-9.

c)

A number between 6 and 20 inclusively, will result
in that number of equal intervals numbered through
(N-1) where N is the number of intervals specified.

d)

A number larger than 20 will result in 20 intervals
numbered 0-19.

2.

The user specified definition of intervals.

(The field

is defined by column 20.}
a}

A "0" (or blank} in this field indicates there is
no user specification.

b)

The number 1 in this field indicates that intervals
whose limits are absolute will be applied to the
values and read from a second and third card.

The

intervals will be specified in fields of 5 columns,
starting with the lowest limit value in columns 1-5.
Each remaining interval limit will be specified in
sequential order (lowest to highest}

in the remain-

ing fields.
3.

The user specified type of statistical distribution.
(The field is defined by column 22.}
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a)

The value of "0" (or blank) will result in a Unit
Normal Distribution of the initial data values.

b)

The value of l will result in a Uniform Distribution
process of the initial data values.

Example

1

4

20

11

07PIORM.AL 070040

40
SUITABILITY FOR RESIDENTIAL HOUSING

This operation will statistically analyze the
previously created INDEX values of data element 070,
Suitability For Residential Housing , and assign va l ues of
0-100.

These values are then temporarily reduced to a

range of 0 - 9 for mapping purposes.
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User Specification
USERSUB
This keyword provides for the execution of user
written subroutines.

At Utah State, USERSUB is used to

input data which has an irre gular boundary.

Although this

keyword can be used for other user written subroutines,
the subroutine for irregular outline will be discussed
here.
The STORE keyword will input data which has
rectangular or square bounnaries.

The values of the rows

of data cells are read sequentially from punched cards,
starting from the left margin and placed in corresponding
positions of a data element location, in the Data Element
File.
Data which has an irregular boundary must be
positioned in the data element file to reflect that
boundary since the first data cell may not be located in
the first row column position of the rectangular map
format.

A subroutine was written to correctly position

data values, which are read sequentially from the first
column of punch cards, into the correct position of the
data element location.
The subroutine is called ZFLEX and is executed by
the USERSUB keyword.

In order to input data to the Data

Element File, the following card decks must be included
after the control cards.
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l.

The subroutine USFLEX deck

2.

The subroutine ZFLEX deck

3.

The SYMBOL set data deck

4.

The irregular outline specification deck (S ee
Chapter Three)

5.

The data element card input and the corresponding
data.
The irregular outline information is stored in the

Data Element File as data element 001.

It is used by ZFLEX

for the positioning of data according to the irregular
outline.
The following cards occur after the subroutine
ZFLEX in the control deck.
(See RENAME

Card #l

RENAME card to assign data title.
keyword)

Card #2

USERSUB card to initiate the subroutine ZFLEX
and store the irregular outline data element
file 001.

USERSUB card format.
Columns
01-03

(First specification)

The value 001, to store the irregular
outline data into the data element file
number 001.

04-10

The USERSUB keyword.

14-16

The value 001, to be used to define
the output file.

17-19

The value 001 to initiate the reading
of the irregular outline data.
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Card #3

(Through n)
These cards will define the irregular
outline in (3I5) format.
See Chapter III for
details.

Card #4

RENAME card to assign a title to the data element.
(See the RENAME keyword)

Card #5

The USERSUB keyword card to input the data element.

USERSUB card format.

Card #6

(All subsequent specifications)

Columns
01-03

The number of the output data element.

04-10

The USERSUB keyword.

14-16

The number of the data element to be
input or stored in the Data Element
File.

(Through m)
The following cards will contain
the values of the data element. The values must
be in the format specified within the ZFLEX subroutine and punched sequentially starting in the
first column.
Each data element input deck must be preceded by a

RENAME card to assign the data element title and a USERSUB
card to assign the data to the correct file.

For example ,

to input data values for data element number 005 (Elevation)
the following cards would be necessary:
1

4

20

11

005RENAME
005USERSUB

40
ELEVATION

0 05

JJJ441>77890 00 . • •.•
, ... (Data) .....

Additional Notes
With each new study area, the parameters which
describe the size of the area chanqe .

These changes must
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be specified in the subroutine USFLEX in the "set separate"
data of the control deck.

The following cards must be

changed to accommodate a new study site dimension.
1.

The number of rows in the study area site (NR

2.

The number of columns in the study area (NC

3.

The number of cells in the study area (NCL

=

In addition to these changes, the DIMENSION card
in the subroutine ZFLEX must be changed to accommodate
large study areas.
The USERSUB keyword will allow for the input of
data with the same format resLrictions as the STORE keyword.
Data may be entered using correct FORTRAN formats such as
(BOil),

(4012), or (20I4), provided the input format is

specified within the ZFLEX subroutine.

Only data with one

format type may be input during a single submission.
the format of the data changes from an (BOil)

If

format to a

{40I2) format, a change must be made internal to the ZFLEX
subroutine.

The format card {Statement 101) must be

repunched, the subroutine r ecompiled, and then the new data
i nput.
Boundary Reject Element
When using the USERSUB keyword to assign data values
to a study site with irregular boundaries, the irregular
outline data is stored in the 001 data element file.

If

this fil e is mapped, the resulting map values are zeros
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with the irregular boundary rejected.

This data element

may be used as the "Boundary Reject Element" for NORMAL,
REDUCE, MAP and other keywords which may use the reject
element.

It may be wise to relocate the file contents to

a new protected file location and title the new file for
clarity (See the RELOC keyword).
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CHAPTER VI
EXN1PLE ANALYSIS
The following example shows a typical analysis
using a number of keywords.

It is not intended to be a

model but rather is to show how the individual keywords
can be combined for an analysis.

The IMGRID keywords can

be combined in many ways to achieve the desired type of
results from an analysis.
This analysis is to determine which cells in the
study site are suited for residential development based
on environmental factors.

It is assumed that the develop-

rnent will occur in a number of connected cells rather than
in s e veral unrelated cells in different areas of the study
site.
In order to determine whi c h individual cells are
suite d for residential housing, the essential environmental
characteristics needed for the analysis are selected from
the Data Element List.

Study shows that the following data

e lements are needed:
Percent Slope
Slope Orientation
Tree Density
Depth to Bedrock
Soil Type
Proximity to Paved Roads
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It is noted that a data element which reflects the
proximity to roads is an important component, but it is
not part of the data element list.

A search of the data

element, Roads, will yield the necessary element and so it
is produced and stored as a first step in the analysis.
Figure 15 represents the basic steps in the analysis and
the major keywords used.

I To
Proximity
Roads

Data
Components

--iSEARCH
RECODE

-1Suitability
For
--iiNDEX
REDUCE
Residential
Housing

-1Minus
Sensitive
Areas

j,
Additive
Search
For
Development

~OVERLAY
RECODE
MULTPLY
REDUCE

~ASEARCH

NORMAL

-1Suitability
For
Residential
Development

Figure 15.

~MAP

Analysis diagram
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To begin the analysis , a SEARCH operation will be
performed to determine the proximity to paved roads in the
study site.

Data element number 005 (Roads) will be used

for the SEARCH and the new data element added to the list
of components (See Figure 16) .
The data elements on the list will next be receded
to assign new values which reflect the suitability of that
component for residential housing.

As an example, the

data element Percent Slope, will be receded in the following way to assign higher values to the flatter, less costly
slopes for development.
Data Element

009 - Percent Slope

Data Items

0

2
3
4
5
6
9

Data Element
Data Items

0 t o 4.0 percent slope
100 percent water
4.1 to 8.0 percent slope
8.1 to 16.0 percent slope
16.1 to 25 .0 percent slope
25.1 to 40.0 percent slope
40.1 + percent slope

061 - Recede Slope
9
0
9
5
2
0
0

0 to 4.0 percent slope
100 percent water
4.1 to 8.0 percent slope
8.1 to 16.0 percent slope
16.1 to 25.0 percent slope
25 .1 to 40.0 percent slope
40.1 + percent slope

With the data components receded through the
multiple RECODE operation, the relative importance of the
component is then determined and recorded in the following
list with the weighting factors to be used in the INDEX
p rocedure.
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Weighting Factor
Percent Slope
Slope Orientation
Tree Density
Depth to Bedrock
Soil Type
Proximity to Paved Roads

3.0
1.0
1.0
1.0
3.0
2.0

This information will allow for the combination of
data elements through the weighted sum or INDEX operation,
to assign values to a new data element.

The highest

resulting values will indicate the cells most suitable for
residential housing as shown in Figure 17.
The study site also contains areas which are
sensitive to development of residential housing.

These

areas are contained in th e Geologic Hazard and Water Type
data elements .

An OVERLAY operation will flag the sensi-

tive areas by assigning high cell values.

These high values

can then be receded to 0 and multiplied (MULTPLY)

times

the newly created data element for residential housing.
Since the result of a value multiplied by 0 is 0, the
sensitive areas of the residential housing element will be
reassigned the value of 0 while the remaining values are
not changed and r esult in the map shown in Figure 18.
As a final step in this analysis, the additive
search operat ion

(ASEARCH) will determine the suitability

for residential development by assigning cell values which
reflect the relative value of the cells within a three
cell radius of the origin.

Through this procedure, the
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cel ls which high values are in close proximity to cells
which are also suitable for residential housing.

A final

result will allow for the selection of several cells for
a ho using development from the data e lement shown in
Figure 19.
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CHAPTER VII
SUMMARY AND OBSERVATIONS
IMGRID has now been tested and is operational at
Utah State University, through the Department of Landscape
Architecture and Environmental Planning.

Changes have

been made to adapt the IMGRID Programming System to the
Burroughs computer equipment which is available at USU,
and also to the type of studies performed by departmental
classes .

Control card decks necessary for operation of the

system have been developed and are available in the Department through Paul L. Wegkamp.
IMGRID has demonstrated a great deal of flexibility
in terms of updating, internal receding, manipulative,
and analytical capabilities.

Much of the flexibility of

IMGRID results from its structure being made of a series
of subprograms or subroutines.

This allows for a large

number of possible combinations of parts, resulting in
many types of operations.
The operation of IMGRID requires very little user
input after the initial data base is stored in the Data
Element File, because the keyword operations require
only several cards for instructions.

In order to update

or recede a data element using a system such as USU GRID,
the entire data element may need to be repunched.

IMGRID
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on the other hand, requires as little as one punched card
to recede a data element.
The need arises for complete documentation because
IMGRID is a flexible computer system and allows the user
much freedom in formulating analyses.

Most analysis

procedures include several keyword operations and many
decisions, which must be recorded in order to explain or
repeat the analyses.

The multiple steps needed to create

a new data element also need to be recorded in case the
e l e ment is altered or needs changes during the initial
stream of creation.
Although the Data Security and Data Element File
systems are quite simple and direct, they too must be
documented to prevent the loss of a data element due to
mis-specification of the element number.

An attempt to

write in Protected Space with a keyword without the
proper override specification will result in a loss of
the output values .

After the Data Security System limits

are specified, the system displays the results only upon
the initial creation.

This should be noted for subsequent

keyword operations to ens ure proper file specification.
The current contents of the Data Element List are displayed
after each IMGRID submission however.
IMGRID, as it is operational at USU, makes extensive
use of study areas with irregular boundaries.

The use of

the Boundary Reject Element should be noted and used where
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applicable to redefine the irregular boundary and ensure
accurate interval specification using the REDUCE and
NORMAL keywords.
As new methods of remote sensing for data acquisition are perfected, the possibilities of adapting them to
IMGRID at USU should be explored.

These systems may adapt

easily to the IMGRID P.rogramming System through user
written subroutines.
Analyses which are political, sociological, and
economic should be explored to determine if they can be
structured for use with IMGRID and broaden the environmental nature of the studies presently done.

The

flexibility of IMGRID should accommodate the addition of
these different study types.
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Appendix A
Control Card Sequence
I~

It is important to have the IMGRID program control
card decks in the proper sequence to achieve the desired
results from the analysis procedures.

The keyword commands

have been described in the main body of this thesis.

The

two main card decks will be listed here to ensure proper
control operation for an IMGRID submission on the Burroughs
B 6700 computer system .
The following list is a typical card deck set up
used for the input of data into the Data Element File.
2 JOB "BREMER/LA"
2 USER number/password
l! CLASS number

2
2
2
2

FAMILY DISK;USU OTHERWISE PACK
BEGIN
COMPILE XYZ/US FLEX FORTRAN LIBRARY
DATA
$ SET SEPARATE
SUBROUTINE USFLEX (IU, IW, IA, IB)
(remainder of subroutine)
END
SUBROUTINE ZFLEX (IU, IW, NR, NC, IA)
(remainder of subroutine)
END
2 BIND IMGRID BINDER
2 FILE FILE40(MYUSE;IO)
2 FILE FILESO(MYUS E;IO)
2 DATA
HOST IS IMGRID;
BIND USFLEX FROM XYZ/;;
BIND ZFLEX FROM XYZ/;;
BIND XRDWR FROM XYZ/;;
2 DATA
OOlSYMBOL
(symbolism sets)
OOlUSERSUB
001001
(irregular outline specification)

10 7

MODEL
002RENAME
002USERSUB
002
(data to be input)
END
2 END JOB

The following list is the card deck set up us ed for
analysis procedures after the initial data elements have
been stored.
2 JOB "BREMER/LA"
2 USER number/password
2 CLASS number
2 FAMILY DISK=USU OTHERWISE PACK
2 BEGIN
2 RUN IMGRID
2 FILE FILE40(MYUSE=IO)
2 FILE FILESO(MYUSE=IO)
2 DATA
OOlSYMBOL
(symbolism sets)
MODEL
(keyword procedures for analyses)

END
1 END JOB
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Appendix B
Glossary
Analysis -- The process of separation of a whole into its
component elements, in order to define and understand those components.
Card -- An IBM punch card.

The card is punched with small

rectangular holes in a coded form, used to input
data and instructions to the computer system .
Card Reader -- The device which translates punched cards
for use by the computer.
Cell -- The single unit defined by the rectangular
coordinate grid system.
Character -- A symbol interpreted by the computer.
Computer System -- A set of electronic devices to process
and manipulate data.
CPU -- Central Processing Unit.

The portion of the

computer system which performs the mathematical
and logical operations.

The CPU is connected and

has access to the storage devices where the data
and programs are stored.
Data -- A collection of measurements or information to be
used for an analysis.
Data Base -- The collection of information used to
describe an area for the purpose of analysis.
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Data Element -- A set of information to describe a
characteristic of a study area- - example:

Percent

Slope.
Data Element File

The memory space (locations) to store

the data for a study area.
Data Item -- See Item.
File

A collection of data.

FORTRAN -- A computer language developed for arithmetic
manipulation, an acronym from FORmula TRANslation.
Field -- Area, or set of columns on a punch card .
Format -- The arrangement of the characters to be read
by the computer.
Input -- Instructions or information fed into a computer
system.
Integer

A whole number, not a fraction or decimal.

Item -- An attribute or subvariable of a data element.
Keypunch -- The machine used to punch cards in the code
which is read by the computer card reader.
Keyword -- A command or instruction to a subroutine
designed for a specific operation.
Line Printer -- The device used to print output as the
resuft of a computer operation .

One line of

characters is printed at one time.
Memory -- The storage system used by a computer for
storing the data and programs used for processing.
Output -- The results of a computer operation.
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Processing -- The series of actions or operations by a
computer system.
Program -- The coded instructions for the computer,
resulting in a particular operation.
Read -- The operation of interpreting punch cards or
retrieving information from a storage source.
Statement -- A FORTRAN unit similar to a sentence; used
to instruct or declare.
Subroutine -- A subprogram which is available to the main
program when specifically called.
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Processing -- The series of actions or operations by a
computer system.
Program -- The coded instructions for the compute r,
resulting in a particular operation.
Read -- The operation of interp r eting punch cards or
retrieving information from a storage source .
Statement -- A FORTRAN unit similar to a sentence; used
to instruct or declare.
Subroutine -- A subprogram which is available to the main
program when specifically called.
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